In this paper we study analytically a simple one-dimensional model of mass transport. We introduce a parameter p that interpolates between continuoustime dynamics ( p Ä 0 limit) and discrete parallel update dynamics ( p=1). For each p, we study the model with (i) both continuous and discrete masses and (ii) both symmetric and asymmetric transport of masses. In the asymmetric continuous mass model, the two limits p=1 and p Ä 0 reduce respectively to the q-model of force fluctuations in bead packs [S. N. Coppersmith et al., Phys. Rev. E 53:4673 (1996)] and the recently studied asymmetric random average process [J. Krug and J. Garcia, cond-matÂ9909034]. We calculate the steady-state mass distribution function P(m) assuming product measure and show that it has an algebraic tail for small m, P(m)tm &; , where the exponent ; depends continuously on p. For the asymmetric case we find ;( p)=(1& p)Â(2& p) for 0 p<1 and ;(1)=&1, and for the symmetric case, ;( p)=(2& p) 2 Â(8&5p+ p 2 ) for all 0 p 1. We discuss the conditions under which the product measure ansatz is exact. We also calculate exactly the steady-state mass mass correlation function and show that while it decouples in the asymmetric model, in the symmetric case it has a nontrivial spatial oscillation with an amplitude decaying exponentially with distance.
1
Received October 13, 1999
In this paper we study analytically a simple one-dimensional model of mass transport. We introduce a parameter p that interpolates between continuoustime dynamics ( p Ä 0 limit) and discrete parallel update dynamics ( p=1). For each p, we study the model with (i) both continuous and discrete masses and (ii) both symmetric and asymmetric transport of masses. In the asymmetric continuous mass model, the two limits p=1 and p Ä 0 reduce respectively to the q-model of force fluctuations in bead packs [S. N. Coppersmith et al., Phys. Rev. E 53:4673 (1996) ] and the recently studied asymmetric random average process [J. Krug and J. Garcia, . We calculate the steady-state mass distribution function P(m) assuming product measure and show that it has an algebraic tail for small m, P(m)tm &; , where the exponent ; depends continuously on p. For the asymmetric case we find ;( p)=(1& p)Â(2& p) for 0 p<1 and ;(1)=&1, and for the symmetric case, ;( p)=(2& p) 2 Â(8&5p+ p 2 ) for all 0 p 1. We discuss the conditions under which the product measure ansatz is exact. We also calculate exactly the steady-state mass mass correlation function and show that while it decouples in the asymmetric model, in the symmetric case it has a nontrivial spatial oscillation with an amplitude decaying exponentially with distance. KEY WORDS: Interacting particle systems; mass transport; parallel and random sequential dynamics.
I. INTRODUCTION
There is a wide variety of physical systems in nature where the basic microscopic dynamical processes involved are aggregation, fragmentation, adsorption, desorption and transport of mass. These processes are abundant and occur in systems such as colloidal suspensions,
(1) polymer gels, (2, 3) river networks, (4) aerosols and clouds (5) and surface growth phenomena involving island formation.
(6) These systems can have different types of non-equilibrium stationary states and phase transitions between them as the rates of the underlying microscopic processes are varied. While for systems in thermal equilibrium the stationary state is characterized by the Gibbs measure, there is no such general recipe for non-equilibrium systems. In order to gain more insights on the nature of these steady states and possible phase transitions between them, several simple lattice models involving mass transport have been proposed and studied recently.
( 7 9) By virtue of their simplicity, these lattice models are often amenable to exact analysis and yet contain rich and nontrivial physics.
These models constitute simple examples of interacting many particle systems out of equilibrium; in particular the dynamics of these systems do not obey detailed balance. The steady states of interacting manly body systems are in general difficult to characterize and only a few exact results are available. These include simple exclusion processes with open and closed boundary conditions, (10) abelian sandpile models of self organized criticality, (11) traffic models (12) and mass aggregation model of Takayasu.
Moreover the steady states in some cases are non universal and depend on the detailed nature of the dynamics used for updating. For example the steady state in the asymmetric simple exclusion process depends on whether the update rules are parallel or random sequential.
(13) It is therefore desirable to study more of such simple models in a systematic way in order to get insight into the nature of the non-equilibrium steady states. In this paper we study a simple lattice model of mass transport analytically which sheds some light on these general issues pertaining to interacting many body systems.
Besides, the dynamics in seemingly unrelated systems can often be mapped onto simple one dimensional mass transport models evolving with time according to some prescribed rules. These systems include river networks, (7, 14) force fluctuations in granular systems such as bead packs,
traffic flows, (16) voting systems, (17, 18) wealth distributions,
generalized Hammersley process (20) and inelastic collisions in granular gases.
In this paper we study analytically a model of mass transport in a one dimensional lattice. Each lattice-site contains a nonnegative mass variable and the dynamics consists of transporting a finite amount of mass from each site to its neighbours. The amount to be transported is randomly chosen from a given distribution. We introduce a parameter p that interpolates between continuous time dynamics ( p Ä 0 limit) and discrete parallel update dynamics ( p=1). For each p, we study the model with (i) both continuous and discrete masses and (ii) both symmetric and asymmetric transport of masses.
